Abstract. Numerous studies have revealed that cofilin-l (CFL1) is associated with cancer cell migration and invasion in various types of tumor tissues. We investigated the roles of CFL1 in vulvar squamous cell carcinoma (VSCC). CFL1 expression was detected in VSCC and normal vulvar tissues using immunohistochemistry and western blotting. The vulvar carcinoma SW962 cell line was transfected with CFL1 small interfering RNA (siRNA) and exposed to periplocoside. We then assessed changes in cell proliferation, apoptosis, invasion and metastasis. We detected changes in CFL1 mRNA and protein expression by RT-PCR and western blotting, and alterations in protein expression of various relevant molecules by western blotting. CFL1 expression was found to be significantly upregulated in the VSCC tissues compared with the normal vulvar tissues by immunohistochemistry and western blotting (P<0.05) and was positively correlated with International Federation of Gynecology and Obstetrics (FIGO) stage, differentiation and lymphatic metastasis (P<0.05). After CFL1 knockdown by siRNA transfection, SW962 cells exhibited a decrease in growth, G1 phase cell cycle arrest, induction of apoptotic, low invasion and metastasis, and disrupted lamellipodium formation. We found that the protein expression of Bcl-xL, cyclin A1, MMP2, MMP9 and STAT3 was decreased, while expression of Bax was increased. Periplocoside inhibited SW962 cell growth, promoted apoptosis, suppressed invasion and migration, and lamellipodium formation. Periplocoside exposure resulted in lower CFL1, Bcl-xL, cyclin A1, MMP2, MMP9 and STAT3 levels, but a higher Bax level compared with the control group. We demonstrated that abnormal CFL1 expression may affect vulvar carcinogenesis and subsequent progression. CFL1 silencing by siRNA significantly inhibited VSCC cell progression, which suggests that CFL1 is a potential therapeutic target for vulvar cancer. Periplocoside, which was utilized in the present study for the clinical treatment of vulvar cancer, showed strong antitumor effects by suppression of CFL1 expression.
Introduction
Vulvar cancer (VC) is one of the most common malignancies of the female reproductive tract after cancer of the uterine corpus, ovary and cervix (1) . The most common histological type is squamous cell carcinoma (SCC), which represents ~95% of all VC cases (2) . The incidence of vulvar squamous cell carcinoma (VSCC) has rapidly increased during the past few years (3, 4) . Currently, radical surgery is the major treatment (5), yet postoperative recurrence and metastasis are important factors that affect the prognosis of patients with VSCC. Thus, it is important to increase our understanding of the relevant molecular mechanisms of VSCC to improve treatment and prevention.
There is growing interest related to the role of the restructuring of the actin cytoskeleton in cancer progression and metastasis. Among the many factors regulating actin cytoskeleton reorganization, cofilin-1 (CFL1) is one of the most important regulators. Wang et al observed that the protein and mRNA expression levels of CFL1 were increased in esophageal squamous cell carcinoma (ESCC), and CFL1 overexpression promoted the development of ESCC (6) . In addition, a previous study found that the cofilin pathway was closely associated with the ability of breast cancer cells to invade and metastasize (7, 8) . However, CFL1 expression and its role in VSCC is unclear; therefore, in the present study we aimed to explore the influence of CFL1 on VSCC.
Materials and methods
Patient specimens. We investigated formalin-fixed and paraffin-embedded VSCC tissues from 35 patients with VSCC (without preoperative radiotherapy and chemotherapy) and formalin-fixed and paraffin-embedded normal vulvar tissues from 20 patients that underwent plastic surgery of the vulva. The archived tissues were retrieved from the Department Immunohistochemistry. Xylene was used to deparaffinize consecutive sections of the paraffin-embedded tissues, and different concentrations of alcohol were used to rehydrate these sections. For antigen retrieval, the sections were placed into 0.01 M citrate buffer, then into a pressure cooker and heated to boiling for 2 min. The sections were immersed in 3% H 2 O 2 at 37˚C for 20 min to inactivate endogenous peroxidase. Non-specific binding was prevented by adding 2% goat serum albumin for 30 min. The sections were immersed in the CFL1 antibody (Proteintech Group, Chicago, IL, uSA) overnight at 4˚C; and incubated with anti-mouse IgG (1:5,000) at 37˚C for 15 min and horseradish peroxidase-labeled streptavidin solution (S-A/HRP) (both from Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, China) for another 15 min the following day. After staining with 0.05% diaminobenzidine (DAB; Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd.), the sections were counterstained using hematoxylin, then dehydrated, cleared and mounted. For the negative control (NC), phosphate-buffered saline (PBS) was utilized instead of the primary antibody. Finally, we used the Metamorph system to measure the optical density (OD) value.
Western blot analysis. The protein concentrations of 10 VSCC and 10 normal vulvar tissues were determined via a protein assay kit (Beyotime Biotechnology, Co., Ltd., Shanghai, China) according to the manufacturer's protocol. Total denatured proteins were isolated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), then transferred to Hybond membranes (Amersham, Munich, Germany) for at least 2 h, and blocked overnight in 5% fatfree milk. The membranes were immersed in the primary antibody against CFL1 for at least 2 h. Next, the membranes were rinsed three times with TBST and incubated with the secondary antibody (anti-mouse IgG antibodies; 1:5,000; Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd.) for 2 h. Finally, we analyzed specific bands using ImageQuant LAS 4000 (Fujifilm, Tokyo, Japan) and ECL Plus detection reagents (Beyotime Biotechnology, Co., Ltd.).
Cell culture and CFL1 knockdown and inhibition. Vulvar carcinoma cell line SW962 was purchased from Guangzhou Jennio Biotech Co., Ltd. (Guangzhou, China) and was grown in RPMI-1640 medium containing 10% fetal bovine serum (FBS), 100 u/ml penicillin and 100 µg/ml streptomycin under a humidified atmosphere of 5% CO 2 at 37˚C. The medium was replaced every two days, and the cells were subcultured at ~80% confluency. For CFL1 knockdown, we used CFL1 small interfering RNA (siRNA) transfectants (Sigma-Aldrich, St. Louis, MO, uSA). The target CFL1 sequences were: 5'-GA AGGAGGAuCuGGuGuuudTdT-3' (sense) and 5'-AAA CACCAGAuCCuCCuuCdTdT-3' (antisense); the NC siRNA sequences were: 5'-uuCuCCGAACGuGuCACGuTT-3' (sense) and 5'-ACGuGACACGuuCGGAGAATT-3' (antisense) (Sigma-Aldrich). Periplocoside (Shanghai Nature Standard R&D and Biotech Co., Ltd., Shanghai, China), a CFL1 inhibitor, was dissolved in dimethyl sulfoxide (DMSO) to different concentrations as described below when required for the assays.
Cell proliferation assay. We used the MTT assay to explore the effect of CFL1 siRNA transfectants and periplocoside on SW962 cell growth. Briefly, 5x10 3 cells/well were plated into 96-well plates and treated with CFL1 siRNA and periplocoside at concentrations of 0, 0.125, 0.25, 0.5, 1.0, 2.0 and 4.0 µM. At time points 0, 24, 48 and 72 h, MTT was added into each well, and the cells were incubated for 4 h; then DMSO (both from Beijing Solarbio Science and Technology Co., Ltd., Beijing, China) was added to each well and measured at a wavelength of 490 nm. Cell cycle analysis. After treatment of the cells with CFL1 siRNA and 0, 0.125, 0.25 and 0.5 µM of periplocoside for 48 h at 37˚C in an atmosphere of 5% CO 2 , the cells were digested using 0.25% trypsin, harvested and washed twice with PBS at a density of 1x10 6 cells/ml. A total of 500 µl of ice-cold ethanol was added to each tube equipped with 1 ml of cell suspension for at least 2 h and stored at 4˚C. Next, the cells were washed twice with PBS, and PI containing RNase A (BD Biosciences) was added, and the cells were cultivated at 4˚C in the dark for 30 min. The cells were examined using flow cytometry at a wavelength of 488 nm.
Wound healing assay. To investigate cell migration ability, we used a wound-healing assay. The cells were plated at 1.0x10 6 cells/well in 6-well plates. At ~90% confluency, the cells were wounded with a sterile 200-µl pipette tip, washed twice with PBS, and grown in FBS-free medium. CFL1 siRNAs and different concentrations of periplocoside were added to each well. Images of cells were captured at 0, 24 and 48 h.
Cell invasion assay.
To investigate cell invasiveness, we used a cell invasion assay. A thin layer of Matrigel (Becton-Dickinson Labware, Bedford, MA, uSA) was spread on top of 6.5-mm Transwell chambers (BD Biosciences). We placed the plates in a 37˚C incubator for 4 h to solidify the Matrigel. Culture medium was then added to the bottom of the Transwell chambers. The cells resuspended in serum-free RPMI-1640 were added to the top of the Transwell chambers. Cells were treated with CFL1 siRNAs or 0, 0.125, 0.25 and 0.5 µM of periplocoside. After incubation for 48 h, the cells that remained on the top of the chambers were removed by cotton swabs, and the cells that had invaded the Matrigel and reached the bottom of the filters were fixed in methyl alcohol. The cells were then stained with 0.1% crystal violet. The number of invaded cells was counted using a Olympus fluorescence microscope (Tokyo, Japan).
Immunofluorescence. After placing coverslips in 6-well plates, we seeded the cells at 100 cells/well. Subsequently, we discarded the medium and exposed the cells to CFL1 siRNAs and different concentrations of periplocoside for 48 h. We washed the cells twice with PBS, and fixed the cells with 4% formaldehyde for 10 min. Then the cells were permeabilized with 0.2% Triton X-100 for 10 min at 25˚C. Next, the cells were incubated overnight at 4˚C with Alexa Fluor ® 594 phalloidin (Invitrogen Carlsbad, CA, uSA) to visualize the lamellipodia after being washed twice with PBS. The following day, we added 1 µg/ml 4' ,6-diamidino-2-phenylindole (DAPI) (SigmaAldrich) and incubated the cells at 37˚C for 15 min to stain the cell nuclei. Finally, the coverslips were observed under a confocal laser microscope (Leica, Solms, Germany).
Real-time reverse transcription-polymerase chain reaction (RT-PCR).
According to the manufacturer's protocol, we used TRIzol (Takara, Dalian, China) to extract RNA from the SW962 cells transfected with CFL1 siRNAs and exposed to 0, 0.125, 0.25 and 0.5 µM of periplocoside for 48 h. Subsequently, we used a Reverse Transcription System kit A5001 (Promega, Madison, WI, uSA) to reverse transcribe total RNA to complementary DNA (cDNA). The PCR primers were from GenBank sequences (Table I) . Augmentation of the cDNA was carried out in 20-µl mixtures according to GoTaq qPCR Master Mix A6001 (Promega), and the internal control was glyceraldehyde-3-phosphate dehydrogenase (GAPDH).
Western blot analysis. The protein concentration of cells transfected with CFL1 siRNAs and periplocoside (0, 0.125, 0.25 and 0.5 µM) for 48 h was determined by a protein assay kit (Bio-Rad Laboratories, Hercules, CA, uSA) according to the manufacturer's protocol. Total denatured proteins were separated by 10% SDS-PAGE and transferred to Hybond membranes for at least 2 h, and then blocked overnight in 5% fat-free milk. The membranes were incubated for at least 2 h with antibodies against CFL1, cyclin A1, MMP2 and MMP9 (Proteintech Group), Bax, Bcl-xL and STAT3 (Boster Biological Technology, Ltd., Wuhan, China) for immunoblotting. Next, we washed all of the membranes three times with TBST and incubated them with secondary antibodies (anti-mouse or anti-rabbit IgG antibodies; 1:5,000; Dako, Carpinteria, CA, uSA) for 2 h. Bands were observed using ImageQuant LAS 4000 (Fujifilm) and ECL Plus detection reagents (Beyotime Biotechnology, Co., Ltd.).
Statistical analysis.
All experiments were repeated three or more times. The evaluation of statistics was performed using the t-test to analyze the measurement data and the MannWhitney u test to compare the means of the different groups. A P-value of <0.05 was considered to indicate a statistically significant result. SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) was used to analyze all data. expression was higher in the VSCC tissues (average OD value, 0.3410±0.0120) than that in the normal vulvar tissues (average OD value, 0.2849±0.0116) ( Fig. 1A-C ; P<0.05). Subsequently, we found that CFL1 expression was positively associated with FIGO stage (Fig. 1D ; P<0.05), lymphatic metastasis ( Fig. 1E ; P<0.05) and dedifferentiation ( Fig. 1F ; P<0.05) by immunohistochemistry, while CFL1 expression was not correlated with the age of the VSCC patients (P>0.05; Table II ). In addition, western blot analysis confirmed a similar result; the expression of CFL1 in normal vulvar cells (relative CFL1 expression, 0.33±0.09) was decreased compared with the expression in the VSCC cells (relative CFL1 expression, 0.99±0.03) ( Fig. 2 ; P<0.05).
Results

Expression of CLF1 protein in the VSCC
Effects of CFL1 knockdown on the phenotype and expression of related molecules in the VSCC cells.
In Fig. 3A , we showed that levels of CFL1 mRNA and protein expression were highest in the SW962 cells, and CFL1 expression in the SW962 cells treated with CFL1 siRNA transfectants was weaker when compared with levels in the NC or mock-treated cells according to real-time PCR and western blot assays (P<0.05). According to the MTT assay, we found that cells transfected with CFL1 siRNA grew significantly slower than the rate in the NC and mock-transfected cells ( Fig. 3B; P<0 .05). Cell transfected with CFL1 siRNA exhibited G1 phase arrest according to PI staining and flow cytometry ( Fig. 4 ; P<0.05), and showed a significantly higher apoptosis rate by Annexin V-fluorescein isothiocyanate (FITC) staining ( Fig. 5; P<0 .05). Based on the scratch test and the Transwell invasion assay, CFL1 silencing suppressed cell motility ( Fig. 6 ; P<0.05) and invasion ( Fig. 7 ; P<0.05) compared with the motility and invasion of the NC and mock-transfected cells. In addition, cells with silenced CFL1 had inhibited lamellipodium formation as indicated by the F-actin structure (Fig. 8) . In cells transfected with the CFL1 siRNA transfectants, we found that the protein expression levels of MMP2, MMP9, cyclin A1, STAT3 and Bcl-xL were downregulated, while the Bax level was upregulated by western blot assay (Fig. 9) . 
Effects of periplocoside on the phenotype and expression of related molecules in the VSCC cells.
We found that periplocoside decreased CFL1 expression in the SW962 cells. Additionally, SW962 cells treated with periplocoside exhibited less proliferative capability compared with that of the NC in a dose-dependent manner as determined the MTT assay ( Fig. 10; P<0 .05). Periplocoside exposure induced G1 phase arrest ( Fig. 11; P<0 .05) by cell cycle assay, and resulted in the promotion of apoptosis in comparison with NC ( Fig. 12 ; P<0.05), as shown by flow cytometric apoptosis analysis. Wound-healing and invasion assays showed that periplocoside was able to reduce cell migration ( Fig. 13 ; P<0.05) and invasion ( Fig. 14; P<0 .05) abilities of the SW962 cells, and immunofluorescence revealed that periplocoside destroyed lamellipodium formation (Fig. 15 ). After treatment with periplocoside, we utilized western blot analysis to assess the levels of MMP2, MMP9, Bax, cyclin A1, STAT3 and Bcl-xL protein expression in the SW962 cells and found that all proteins were downregulated except for the level of Bax which was increased (Fig. 16 ).
Discussion
CFL1 is the ubiquity of small proteins, ~19 kDa, contributing to cytoskeletal dynamics through accelerating the abscission and depolymerization of actin filaments. CFL1 plays an important role in cytokinesis, cell motility and morphogenesis (9) . A number of studies have reported that CFL1 is associated with cancer cell migration and invasion capability, which are significant features of malignant tumor cells in various solid tumor tissues (7,9,10). Lu et al reported that CFL1 was upregulated and significantly associated with the presence of lymph node metastasis, based on immunohistochemistry (11) . In addition, a previous study reported that the expression of CFL1 in ovarian carcinoma tissues was significantly higher than that in borderline ovarian tumor and benign ovarian tissues by immunohistochemistry, and that the expression of CFL1 was positively associated with the degree of ovarian cancer differentiation (12) . In the present study, we found that CFL1 expression was significantly upregulated in VSCC cells compared with that in normal vulvar tissues by immunohistochemistry and western blotting, and was positively correlated with clinical stage (according to the FIGO staging system), degree of differentiation and lymphatic metastasis, which was consistent with previous findings. Taken together, CFL1 expression is associated with VSCC aggressiveness and tumor progression.
To determine the concrete biological function of the CFL1 protein in VSCC, SW962 cells were subjected to CFL1 knockdown using siRNA transfection. We found that CFL1 silencing induced G1 phase arrest as determined by flow cytometry, promoted apoptosis as determined by cell apoptosis assay and reduced the formation of lamellipodia, decreased cell migration by wound healing assay, and inhibited the ability of cell invasion as determined by Transwell assay, which indicated that CFL1 silencing may suppress the aggressive phenotype of VSCC cells. Consistently, Polachini et al found that knockdown of CFL1 expression by siRNA significantly inhibited the invasive ability of oral cancer cells in vitro as determined as determined by Boyden chamber assay (13) . In addition, a previous study reported that silencing of CFL1 by shRNA delayed tumor metastasis in mice with lung cancer (14) . Additionally, we found that the knockdown of CFL1 significantly downregulated Bcl-xL expression and upregulated Bax expression, indicating that CFL1 knockdown promotes cell apoptosis by mediating apoptosis-related proteins. CFL1 knockdown also suppressed the expression of cyclin A1 that accelerates the transition of the G1/S phase (15) , suggesting that CFL1 knockdown inhibits the progression of tumor cells by inducing G1 arrest. CFL1 silencing reduced the protein expression of MMP2 and MMP9, which implies that CFL1 silencing inhibits tumor invasion and metastasis by suppressing the degradation of the extracellular matrix. Furthermore, we observed that the silencing of CFL1 inhibited STAT3 expression. STAT3 is a critical member of the signal transducer and activator of transcription family, and is activated by a wide variety of cytokines and growth factors. STAT3 inhibition or ablation has been shown repeatedly to reduce the growth of tumors, induce apoptosis, and attenuate tumor cell invasion and metastasis (16, 17) , which indicates that the antitumor effects of CFL1 silencing are achieved by inhibiting the STAT3 pathway.
Periplocoside (18) , a traditional Chinese medicine, is derived from Cortex periplocae and plays an important role in clinical treatment, including anti-inflammation, enhancing bones and muscles, and nervous system stimulation. Recently, some researchers have demonstrated that periplocoside exhibits strong inhibitory effects on the proliferation of many tumor cell lines in vitro, such as SW480, SMC-7721, TE13, BGC-823, MCF-7 and PC3 (19, 20) . Herein, we observed that periplocoside downregulated CFL1 expression in SW962 cells and inhibited cell growth in a dose-dependent manner, which could be attributed to the inhibition of proliferation, the induction of apoptosis, reduced migration and low invasive ability. Meanwhile, we found that the protein expression levels of MMP2, MMP9, cyclin A1, Bcl-xL and STAT3 were reduced, while Bax expression was increased after treatment with periplocoside, which suggests that periplocoside may inhibit the expression of these proteins via the suppression of CFL1.
In conclusion, we demonstrated that abnormal CFL1 expression may affect vulvar carcinogenesis and subsequent progression. CFL1 silencing by CFL1 siRNA significantly inhibited VSCC cell progression, which suggests that CFL1 may be used as a potential therapeutic target for vulvar cancer. In addition, periplocoside, which was utilized in the present study for the clinical treatment of vulvar cancer, showed strong antitumor effects by suppressing CFL1 expression.
